Background/Aims. Despite the wide use of acupuncture for the management of visceral pain and the growing interest in the pathophysiology of visceral pain, there is no conclusive elucidation of the mechanisms behind the effects of acupuncture on visceral pain. This systematic review aims to provide an integrative understanding of the treatment mechanism of acupuncture for visceral pain. Methods. Electronic and hand searches were conducted to identify studies that involved visceral pain and acupuncture. Results. We retrieved 192 articles, out of which 46 studies were included in our review. The results of our review demonstrated that visceral pain behaviors were significantly alleviated in response to acupuncture treatment in groups treated with this intervention compared to in sham acupuncture or no-treatment groups. Changes in the concentrations of -endorphin, epinephrine, cortisol, and prostaglandin E2 in plasma, the levels of c-Fos, substance P, corticotropin-releasing hormone, P2X3, acetylcholinesterase (AchE), N-methyl-D-aspartate (NMDA) receptors, and serotonin in the gut/spinal cord, and the neuronal activity of the thalamus were associated with acupuncture treatment in visceral pain. Conclusions. Acupuncture reduced visceral pain behavior and induced significant changes in neuronal activity as well as in the levels of pain/inflammation-related cytokines and neurotransmitters in the brain-gut axis. Further researches on the thalamus and on a standard animal model are warranted to improve our knowledge on the mechanism of acupuncture that facilitates visceral pain modulation.
Introduction
Visceral pain, i.e., pain originating from the thoracic, abdominal, or pelvic regions, is a noticeable symptom associated with various clinical conditions [1, 2] . Visceral pain has different characteristics compared to somatic pain. The former is diffusely localized, not evoked by entire viscera, and rarely linked to actual injuries. Although there has been growing interest in the mechanisms and factors that contribute to the pathogenesis of visceral pain, many researches are still more focused on somatic pain [3] . To date, several underlying causes of visceral pain have been proposed, e.g., visceral hypersensitivity due to sensitized visceral nociceptors/afferent fibers, impairments of the brain-gut axis, referred hyperalgesia from viscerosomatic convergence in the spinal cord and central nervous system (CNS), infections, psychological and genetic factors, and hormonal changes [1, 3, 4] . Moreover, a major advance in the understanding of the central mechanisms and the gut environment (e.g., microbiota) of humans has suggested that the brain-gut axis plays a crucial role in visceral nociception in terms of neuronal/chemical signaling between the brain and the gastrointestinal tract [5, 6] .
Acupuncture has been used to treat various pain disorders, including visceral pain, and has shown considerable effects on pain relief with only rare cases of adverse events. Many studies have explored the treatment mechanism of acupuncture for pain relief in general, and it is reported that acupuncture alleviates pain mainly by regulating the levels of endogenous opioids, serotonin, and norepinephrine and by inhibiting visceral nociceptors, inflammatory cytokines, and CNS activation [7] [8] [9] . Furthermore, acupuncture can decrease visceral sensitivity [10] , activate the enteric nervous system (ENS) [11] , and modulate the brain-gut axis [12] . However, the treatment mechanism behind the effects of acupuncture on visceral pain is still unclear [4, 9] , partially due to the lack of a systematic approach that encompasses a wide range of evidence from basic and clinical researches to analyze this aspect.
In this review, we aimed to provide an integrative understanding of the mechanisms behind the effects of acupuncture therapy on visceral pain in both human and animal subjects, and we suggest directions that can be adopted for future research.
Methods
. . Search Strategy. We searched through electronic records in PubMed, EMBASE, MEDLINE, and the Cochrane Library using the keywords "visceral," "pain," "hyperalgesia," "algesia," "acupuncture," "electroacupuncture," and "acupoint." The search terms and strategies were modified for each individual database (Table 1) . Hand searching was performed by screening the reference lists of articles that met our inclusion criteria. The literature search was completed in September 2017, and our search strategy was in compliance with the Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA) guidelines for systematic reviews.
. . Study Selection. Search results were screened based on the titles and abstracts before full text assessments. We included original studies that investigated the therapeutic effects and/or the mechanisms of acupuncture on visceral pain. Both animal and human studies written in English or Chinese were included. In this review, we considered manual acupuncture (MA), electroacupuncture (EA), transcutaneous electrical nerve stimulation on acupoints (acu-TENS), pharmacopuncture (injection of herbal medicine into acupoints, e.g., sweet bee venom), and laser acupuncture (LA) techniques as the different types of acupuncture.
. . Risk of Bias Assessment in the Human
Studies. Concerning the studies on human subjects, we evaluated the risk of bias associated with each of them using either the revised Cochrane risk of bias tool for randomized trials (RoB 2.0 [13] ) or the Risk Of Bias In Nonrandomized Studies (ROBINS-I [14] ) based on each study design, with a focus on the pain-related outcomes. More details on the assessments are described in the footnotes of supplementary Tables 1 and 2 .
Results
. . Search Results. Our search strategy resulted in the retrieval of 192 articles in total. Following this, in addition to removing the duplicates (n=35), 111 studies were excluded based on their titles and abstracts. Among the excluded studies, 67 studies were unrelated to visceral pain or acupuncture, 28 studies were not original, and 11 studies were written in languages other than English or Chinese. Further, full texts corresponding to four studies, each published before 1990, could not be obtained, and one study was retracted. Ultimately, 46 articles were included in this review (Figure 1 ).
. . Visceral Pain Studies on Humans
. . . Visceral Pain Patients and Healthy Participants. There were seven studies with human subjects. Two studies included irritable bowel syndrome (IBS) patients [15, 16] , and one study involved primary dysmenorrhea [17] and another study involved chronic pancreatitis patients [18] . Further, a study by Kotani et al. [19] investigated postoperative visceral pain in patients who underwent upper or lower abdominal surgeries [18] , and two studies involved healthy participants [20, 21] (Table 2) .
. . . Details of Acupuncture Interventions. Among the seven studies conducted on humans, the various types of acupuncture techniques that were used are as follows: MA in four studies [17] [18] [19] 21] , acu-TENS in three studies [16, 17, 20] , and EA in two studies [15, 17] . Most of these studies described the stimulation method that was used, the intensity (frequency, voltage, and amperage), and the locations of acupoints. The acupoints that were used in the human studies are summarized in Figure 2(a) .
. . . Outcomes and Results
( ) Pain Behavioral Outcomes. In human studies, improvements in the pain behavioral outcomes have been consistently observed after acupuncture treatment. Acupuncture treatment showed significantly greater analgesic effects based on subjective pain ratings than sham acupuncture [16, 18, 19] , and the maximum tolerable rectal sensation and distention pressure in IBS patients were significantly increased by acu-TENS compared to sham TENS [20] (Tables 2 and 5 ). ( ) Metabolic Outcomes. In human studies, the secretion of -endorphin increased after acu-TENS [20] , and the levels of adrenal hormones [19] and serum prostaglandin E2 (PGE2) [22] were decreased after MA. The plasma levels ofendorphin were increased after EA [23] (Tables 2 and 5 , Figure 3 ).
( ) Brain and Brain Stem. Functional magnetic resonance imaging (fMRI) and electroencephalography (EEG) were used to measure neuronal activity in IBS patients [15] and healthy participants [18, 21] . The fMRI results showed significant increases in the brain activity in the thalamus and insula in the EA group compared to in the sham EA group [15] , and there were no significant differences observed in the EEG data between the groups [18, 21] (Tables 2 and 5 , Figure 3 ).
. . . Risk of Bias in the Human
Studies. There were three randomized parallel-group trials [15, 19, 20] and two randomized cross-over trials [18, 21] included in our review. One study reported results from two different groups (acupuncture and acu-TENS), and within each group, the assignment of the different interventions to the patients was randomized [17] . Therefore, we treated this study as two randomized cross-over studies and assessed the risk of bias associated with each group separately. Lastly, one study was a nonrandomized trial. The results of the assessments of each domain's risk of bias and the overall risk of bias are presented in Supplementary Tables 1 and 2 for the randomized and nonrandomized studies, respectively. Out of the seven studies, three studies were classified as having low overall risks of bias. Further, two randomized studies [17, 20] were considered as having high risks of bias due to concerns regarding possible selective reporting. Moreover, there were some concerns regarding three randomized studies [17, 18, 21] with regard to randomization domains because they lacked information regarding either their random sequence generation or their allocation concealment; therefore, we labeled these studies as "some concerns." Lastly, there were some concerns regarding missing data associated with two studies because they did not provide clear indications on whether the results that were summarized in the texts or figures were from all the study participants.
. . Visceral Pain Studies on Animals
. . . Visceral Pain Models. We found 39 studies that examined various visceral pain models in animals. Thirty-one studies used rats [10, , and the remaining used cats [52] [53] [54] , mice [22, 55, 56] , rabbit [57] , or dog [58] . To induce visceral pain, mechanical stimulation by colorectal/rectal/gastric distention was most commonly used (n=19) [10, 24, 25, 28, 29, 32, 33, 35-41, 44, 45, 47, 51, 58] . Other methods included splanchnic nerve stimulation [48, [52] [53] [54] 57] , acetic acid injections [22, 23, 31, 55, 56] (n=5, respectively), somatic and visceral noxious stimuli [49] , formalin injection [23] , and antimony potassium tartrate injection [50] (Tables  3 and 4) .
. . . Details of Acupuncture Interventions. Further, concerning the animal studies, EA was the intervention that was used in most of them [10, 23, 25-29, 31-43, 45, 47-54, 57, 58] (n=32), and the others involved MA [22, 24, 44, 55] , LA [30, 46] , or pharmacopuncture techniques using bee venom [56] or snake venom [23] . The acupoints that were used in the animal studies are summarized in Figure 2 (b). Table 3 : Visceral hypersensitivity models in animal studies (visceral hypersensitivity and CRD models). (1) Colorectal irritation-induced visceral hypersensitivity (SD rat, m, 6/group) (2) Model 1+stress Between groups 
(1) VMR (2) Between groups
Weng et al. 
(1) Activity of acromiotrapezius (2) (Tables 3-5) .
( ) Metabolic Outcomes. Liu et al. found that EA treatment applied at the ST25 and ST37 points reduced the concentrations of 5-hydroxytryptamine (5-HT) when compared to the concentrations observed in the no-treatment visceral hypersensitivity group [27] . Xu et al. also showed increased -endorphin levels in the EA treatment group compared to in the no-treatment formalin injection model [59] (Figure 3). ( ) Gut. The concentration levels of serotonin-related factors, hormones, neurotransmitters, and other molecular signaling factors in the colon were observed in the animals before and after acupuncture. The expression levels of serotonin and cFos dropped significantly after EA treatment [26, 29] . The expression levels of serotonin transporter (additional water avoidance stress model) [26] , c-Fos [23] , p38 [23] , substance P [23, 46] , corticotropin-releasing hormone (CRH) [38] , P2X3 receptor [39] , acetylcholinesterase (AchE) [46] , and the serotonin concentration [27] were significantly lowered after EA. The expression levels of the serotonin transporter (colorectal irritation model) [26] , 5-HT4 receptor [27] , and leu-enkephalin [46] significantly increased after EA and LA (Tables 3-5, Figure 3 ).
( ) Spinal Cord. In the spinal cords of the studied animals, neuronal activities, glucose metabolic rates, hormones, serotonin-related factors, and pain-related molecules were observed before and after acupuncture. The glucose metabolic rates were significantly decreased in the thoracic dorsal horns and increased in the lumbar dorsal horns and in the periaqueductal gray matter after EA [48] . In the lumbosacral spinal cord, the expression levels of serotonin and c-Fos decreased significantly after EA compared to after sham EA [29] . The c-Fos expression levels also decreased in various regions of the spinal cord after EA [23, [31] [32] [33] and MA [55] . The neuronal activity of the dorsal root ganglion significantly decreased after EA [10] and that of the spinal dorsal horn significantly decreased after MA [24] . The expression levels of p38 in the spinal dorsal horn [40] , CRH [38] , P2X3 receptor [39] , and the NR2B subunit of the Nmethyl-D-aspartate (NMDA) receptor [42] decreased further after EA (Tables 3-5, Figure 3 ).
( ) Brain and Brain Stem. In the animal studies, the glucose metabolic rates, the levels of serotonin-related neurotransmitters, hormones, and neuronal activity along with the levels of molecular signaling associated with this activity were measured. After EA, the glucose metabolic rates significantly decreased in many regions, e.g., in the thalamus, anterior cingulate cortex (ACC), nucleus accumbens, and somatosensory cortex, and they increased in the nucleus raphe magnus [48] . A significantly increased thalamic neuronal response to colorectal distention was found after EA (versus nonacupoint EA) [28] . CRH concentrations in the hypothalamus were significantly decreased after EA [38] , and -endorphin levels in the hypothalamus were significantly elevated after MA [22] . -endorphin and substance P levels in the hypothalamus showed significant increases after EA [45] . The P2X3 receptor expression levels in the prefrontal cortex (PFC) and in the ACC significantly decreased after EA [39] (Tables 3-5,  Figure 3 ).
Discussion
To our knowledge, this is the first study to systematically review the mechanisms behind the effects of acupuncture on visceral pain studied in both humans and animals through the brain-gut axis. In the 46 included studies in our review, significant improvements in pain-related behaviors were consistently reported in both humans and animals included in the acupuncture treatment groups compared to those included in the sham acupuncture or no-treatment groups. Increased secretion of -endorphin and decreased epinephrine, cortisol, and PGE2 levels may be involved in the acupuncture mechanisms at the systemic level that are responsible for the modulation of visceral pain. Acupuncture treatment reduced c-Fos, substance P, CRH, P2X3, AchE, serotonin, and NMDA receptor expression levels and elevated serotonin receptor/transporter and leu-enkephalin expression levels in the gut and spinal cord. Studies reporting on the functional neuronal activity showed that EA increased the activity of the thalamus more than sham EA during colorectal distention. The effects of acupuncture were blocked by spinalization [24] , acute freezing of the spinal cord [44] , naloxone [10, 41] , capsaicin [31] , and infraorbital nerve transection [23, 31, 41] , indicating the requirements for acupuncture to have an effect. Moreover, it is conceivable that the mechanisms underlying the effects of EA may differ depending on the frequency of EA administrations. Qi et al. [41] reported that the administration of naloxone inhibited the effects of 2 Hz EA but not those of 100 Hz or 2/100 Hz EA (alternate stimulation at 2 Hz and 100 Hz frequencies).
. . Plasma. Pain commonly causes hyperactivity of the hypothalamic-pituitary-adrenal system resulting in elevated plasma hormone levels such as those of cortisol, epinephrine, and adrenocorticotropin [60] . In their review, Kotani et al. reported that the increased levels of epinephrine and cortisol in plasma after abdominal surgeries were significantly reduced by MA than by sham acupuncture [19] . Previous studies have also reported that acupuncture attenuated the epinephrine [61] and cortisol [62, 63] levels in plasma. With regard to how EA normalized the increased lowfrequency/high-frequency ratio caused due to stress in the functional dyspepsia model [43] , the results we have discussed demonstrate the modulatory effects of acupuncture on acute stress caused by visceral pain via sympathetic activity and the hypothalamic-pituitary-adrenal axis.
. . Gut. Since visceral pain originates in the gastrointestinal tract and its peripheral regions, changes in the immune and nervous systems and changes in the microbial environment of the gut have been investigated. -endorphin is an endogenous opioid neuropeptide that has an analgesic effect [64] , and PGE2 is a hormone-like substance that participates in a wide range of bodily functions such as muscle activity, blood pressure control, pain sensation, and inflammation [65] . Neurotransmitter substance P, the levels of which decreased after acupuncture [23, 46] , is also involved in inflammation and plays an important role in the mechanisms of acupuncture related to pain modulation [66] . Serotonin, another important neurotransmitter in the CNS and gastrointestinal tract, regulates various functions of the digestive tract. Serotonin and its receptors are extensively distributed in the myenteric nerve plexus and participate in the regulation of abnormal symptoms in the GI tract [67, 68] . It has been reported that the levels of serotonin and the activities of various types of its receptors are found to be increased in the intestinal mucosa of visceral pain patients [69] . Serotonin induces and maintains visceral hyperactivity by modulating the activation of the transient receptor potential vanilloid 1 (TRPV1) [70] ; thus, serotonin receptor agonists or antagonists have been investigated for the treatment of IBS patients [71, 72] . In our review, three studies reported that serotonin levels were lower in the EA groups compared to in the sham EA [29] or no treatment groups [27] or in the model groups [26] while 5-HT4 receptor and serotonin transporter levels significantly increased after EA treatment in visceral pain models [26, 27] and decreased after EA treatment in visceral pain groups that received additional stress conditions [26] . These results suggest that changes in neuropeptide concentrations may vary depending on the type of visceral pain model and the stress levels and that acupuncture has bidirectional effects on diverse systems in order to modulate pain.
. . Spinal Cord. The spinal cord is the first region in which incoming pain signals are transmitted to the central nerves. The spinal cord receives sensory information from the whole body and transmits this information to several regions of the brain that are responsible for processing pain [73] . In this review, the studies reported that the action potential, c-Fos, serotonin, p38, and NMDA receptor levels in the spinal dorsal horn were all significantly decreased after EA [10, 29] . C-Fos is commonly used as a marker to measure neuronal activity [74] ; thus, increased c-Fos activation in response to the spinal cord signals represents the excitement of the CNS, similar to the effects of an increased action potential. Serotonin, p38, and NMDA receptors are involved in the development of visceral pain [75] and the central sensitization of visceral pain [76] . In addition, the effects of acupuncture were inhibited by spinalization [24] . These results indicate that the spinal cord plays a critical role in the analgesic mechanism of acupuncture for visceral pain. However, conflicting results among electrical or chemical measurements associated with various nuclei hinder the development of an integrative understanding.
. . Brain. A set of brain regions, collectively called the "visceral pain network," are the core of the perception and modulation of internal and external stimuli in the gut [77, 78] . An fMRI study found that the activities of the thalamus and insula significantly increased during EA treatment compared to during sham EA stimulation when the participants underwent visceral distention [15] . Complementary to fMRI measurements in humans, which could not distinguish between the excitatory and inhibitory neurons, Sun et al. [49] reported that EA significantly reduced the discharge of pain excitation neurons and enhanced the discharge of pain inhibition neurons in the thalamus of rats. This bidirectional influence of acupuncture (to inhibit or enhance neuronal activity) might have led to the inconsistent results in the evaluations of the thalamic activity during/after acupuncture in the animal studies. In other visceral pain network regions, P2X3 receptor activity was decreased more in the PFC and ACC in the EA group (versus no-treatment IBS model group) during colorectal distention [39] . The thalamus receives signals from its periphery and relays them to the hypothalamus, insula, PFC, and motor and somatosensory cortex-the so-called visceral pain network [79] [80] [81] . The insula integrates sensory information received from visceral and motor activities with inputs from the limbic system [77, 80] . The thalamus is mainly associated with the firstorder processing of sensory information, whereas the PFC, insula, and ACC tend to be associated with the higher-order processing of cognitive evaluation, attention, sensory-motor integration, and affective responses [77] . This observation implies that acupuncture treatment influences higher-level cortical activity along with the primary visceral sensory processing regions.
. . Quality Assessment of the Included Studies. We only assessed the quality of the human studies and found that only three studies were classified as having low overall risks of bias while two studies were considered as having high risks of bias. A few assessment tools have been developed for assessing the quality of animal studies, but they are not widely accepted nor validated in the field yet. Moreover, since most of the animal studies included in our review did not report on having employed ways to minimize the risk of bias, such as the blinding of the outcome assessor or randomization methods, we could only assume that they were at high risks of bias.
It is also important to assess the reporting quality of the acupuncture interventions. There are well-known guidelines, the STRICTA guidelines (STandards for Reporting Interventions in Clinical Trials of Acupuncture [82, 83] ), for clinical studies that use acupuncture treatment. However, there are no such guidelines that have been designed specifically for reporting acupuncture interventions in animal studies. For these reasons, we evaluated the quality of reporting on acupuncture interventions according to the STRICTA guidelines in a separate paper [84] . To improve our understanding of the underlying mechanisms of acupuncture that are involved in the treatment of visceral pain, studies conducted according to well-validated guidelines with detailed reports on the acupuncture intervention employed are warranted.
. . Summary. Based on these results, we found that acupuncture induces analgesic effects on visceral pain via multiple pathways from the peripheral organs (gut) to the CNS (brain). Visceral organs are where visceral pain occurs, and acupuncture directly regulates visceral pain by reducing the levels of intrinsic inflammatory biomarkers and increasing the levels of serotonin and endogenous opioid neurotransmitters. The neural signals induced by acupuncture are also transmitted to the brain through the spinal cord, and it attenuates the peripheral neural activity and concentrations of the inflammatory-biomarkers such as p38, P2X3, and NR2B in the spinal cord. In the brain, acupuncture attenuates the levels of neural activity and pain excitation neurons in the thalamus and reduces stress-related hormone levels in the hypothalamus, which suggests that the neural and hormonal changes in the thalamus and hypothalamus are involved in the pain modulatory effects of acupuncture on visceral pain. Moreover, acupuncture induces an increase in the levels ofendorphin and pain inhibitory neurons that are also related to pain inhibition.
With this review, we were able to present the broad outline of the acupuncture signal-transduction system from the gut to the CNS, but the acupuncture signaling pathways from the spinal cord to the intestine or the gut-brain signaltransduction system are still unclear. Further experimental studies are needed to elucidate the entire signaling mechanism of acupuncture from the peripheral to the central organs.
Conclusion
This review summarizes the findings from previous studies associated with the neural and chemical changes that take place through the brain-gut axis in both humans and animals in order to reveal the underlying mechanisms behind the effects of acupuncture treatment on visceral pain. The results of this review demonstrated significant improvements in visceral pain following acupuncture treatments. However, achieving an integrative understanding of the mechanism of acupuncture on visceral pain remains a long-term endeavor. High heterogeneity among the included studies (various visceral pain conditions and models along with diverse outcome measures and heterogeneous results) and the lack of detailed descriptions outlining the treatment methods also raise concerns.
In future studies, the thalamus and the brain-gut axis could be considered as targets or markers of the visceral pain that is modulated by acupuncture. Furthermore, studies on changes in the levels of neurotransmitters or neuropeptides in the gut and the brain may improve our knowledge of visceral pain modulation by acupuncture treatment.
